Acute diverticulitis is a broad spectrum of diseases with highly varying mortality and need for surgery. The aim of this study was to create an accurate staging of diverticulitis, which could be used both preoperatively and intraoperatively to predict outcome and guide treatment.
D iverticular disease is a common disease affecting 20% to 60% of the population. A quarter of patients with diverticular disease will develop an acute diverticulitis, which is the most common complication of diverticular disease. The spectrum of acute diverticulitis is wide. On one end is uncomplicated diverticulitis, which is a relatively benign disease with virtually no mortality and one that could be treated even without antibiotics. 1 On the other end of the spectrum is acute diverticulitis with a severe sepsis and generalized peritonitis, a highly lethal condition requiring intensive care frequently. 2 Several classifications have been developed to grade this complex disease spectrum in an attempt to better tailor treatment options and harmonize study populations in different trials. Hinchey classification is the oldest and most widely used classification system. 3 Hinchey classification was developed before the advent of computed tomography (CT) and relied on intraoperative macroscopic anatomic findings alone. Several modifications have been developed to accommodate the classification suitable for CT diagnostics. 4 However, CT accuracy in differentiating Hinchey grades is poor. 5, 6 Hansen-Stock classification is another classification dividing acute diverticulitis by the extent of perforation (phlegmon, abscess, or free perforation) while taking into account chronic diverticulitis as well. 7 Ambrosetti classification divides diverticulitis into two groups based on CT findings, one showing uncomplicated diverticulitis and the other complicated one. 8 Other classifications include not just acute diverticulitis but also hemorrhage, fistulas, strictures, and even adhesions causing small bowel obstruction. 9 All these classifications concentrate on anatomic definitions, while the response of other organs is not included in the classification. On the contrary, the left colonic Peritonitis Severity Score (PSS) and Mannheim Peritonitis Index include organ dysfunctions in their scoring system, and both have been shown to predict mortality. 10 However, they are not robust and have not been incorporated into daily clinical practice. Hinchey classification is the most widely used classification for acute diverticulitis, but the inability to stage patients preoperatively limits the clinical usefulness of the classification.
The aim of this study was to stage acute diverticulitis to allow prediction of mortality, need for operative treatment, need for intensive care, and length of hospital stay. Staging should be simple enough to allow its use in daily clinical practice and preoperative planning as well as allow restaging after the intraoperative findings are available. and tertiary referral center serving a population of approximately 1.5 million. Patient data were extracted from an earlier established database, which is composed of all patients treated for acute colonic diverticulitis during 2006 to 2010 in our institution. 11 The study was approved by the institutional review board. A total of 968 patients treated for acute diverticulitis were identified from the database. Patients with colonic obstruction (n = 21) or colon cancer-mimicking diverticulitis were excluded (n = 17). Furthermore, patients who did undergo neither CT nor operative treatment were excluded (n= 299) because the diagnosis of acute diverticulitis could not be confirmed. Data regarding basic demographics, previous operations, chronic diseases, medications, previous episodes of diverticulitis, laboratory parameters, vital signs, clinical status, treatment of diverticulitis, intraoperative findings, mortality, morbidity, length of stay, and intensive care were extracted from the database.
Uncomplicated diverticulitis was defined by CT findings of thickened colonic wall, pericolic fat inflammation and/or pericolic air. Intraoperatively uncomplicated diverticulitis was defined as thickened colonic wall with pericolic fat inflammation in the absence of peritonitis or an abscess. Complicated diverticulitis was defined by CT findings of an abscess, distant intraperitoneal or retroperitoneal air, or large amount of free fluid in the abdominal cavity. Intraoperatively complicated diverticulitis was defined as an abscess or peritonitis. Pericolic air was defined as air bubbles or air collection within 5 cm of the affected bowel segment without an abscess. Distant intraperitoneal air was defined as air bubbles or air collection within the abdominal cavity with distance of greater than 5 cm of the affected bowel segment. Distant retroperitoneal air was defined as air bubbles or air collection in the retroperitoneum with distance of greater than 5 cm of the affected bowel segment. Large amount of free fluid in the abdominal cavity was defined as fluid over 30 mm in anteroposterior direction in the pelvis. The definitions mentioned earlier are according to an earlier published report of nonoperative treatment of perforated diverticulitis. 12 Organ dysfunction was defined as mean arterial pressure less than 70 mm Hg, Glasgow Coma Scale (GCS) score of less than 15, and/or PaO 2 /FIO 2 (P/F) ratio of less than 400. These cutoffs are equivalent of scoring at least one point in Sequential Organ Failure Assessment (SOFA) score. Blood pressure and GCS score are routinely assessed in the emergency department of our hospital, but to calculate P/F ratio, an arterial gas analysis would be needed, which is not performed routinely. However, oxygen saturation is assessed routinely, and previous reports have shown that oxygen saturation is a good proxy for P/F ratio. 13, 14 According to these reports, oxygen saturation of less than 90% corresponds well with P/F ratio of less than 400. In cases where GCS score, blood pressure, or oxygen saturations were not marked in the patient records, they were considered normal.
Intensive care unit (ICU)Yfree days was defined as days that a patient was alive and not treated in the ICU within the first 28 days of admission. Thus, the best value is 28 days (patients remains alive for 28 days and is not treated in the ICU), and the worst value is 0 days (patient dies on the day of admission or during intensive care without making to the normal ward).
Nonsurvivors were excluded from the analysis of length of hospital stay because early mortality would create a strong bias toward shorter stay.
Created staging was compared with Hinchey, HansenStock, and Ambrosetti classifications. 4, 7, 8 Definitions of other classifications are shown in Table 1 .
Statistical analysis were made using SPSS Statistics 21 (IBM, Armonk, NY). Multivariate regression analysis using forward stepwise selection was used to identify risk factors. Mantel-Hänszel linear-by-linear association W 2 test and KruskalWallis test were used to demonstrate linearity of raising stage with respect of different outcomes. Receiver operating characteristic (ROC) analysis was used to demonstrate the predictive ability of different classifications. > level was set at 0.05, and all tests were performed two tailed.
RESULTS

Patients
The cohort consisted of 631 patients. A total of 599 patients had undergone CT scan, 22 patients underwent operation based on distant intraperitoneal air in plain chest x-ray, and 10 patients had undergone operative treatment without previous imaging studies (because of clinical generalized peritonitis). Baseline characteristics of the patients are shown on Table 2 .
Creation of the Model Univariate Analysis
Univariate analysis was performed to find risk factors predicting four different outcomes as follows: (1) 30-day mortality, (2) need of operative management, (3) need of intensive care, and (4) length of stay greater than 14 days. The tested factors were selected to be diverticulitis specific, and thus, no patient-specific factors, such as comorbidity, medication, or age, were included. Furthermore, to make the grading system applicable in the clinical setting, the selected factors needed to Table 3 .
No extraluminal air or pericolic air only were associated with better prognosis (Table 3) . Distant intraperitoneal air, generalized peritonitis (either by clinical assessment preoperatively or intraoperatively), and preoperative organ dysfunction were associated with poor prognosis. Different cutoffs for abscess size was tested, and a cutoff at 6 cm was shown to be most significantly associated with poor outcome (Table 3) .
Multivariate Analysis
Factors that showed significance of p G 0.20 were selected for multivariate analysis. However, only the factor showing most significance from collinear factors were selected. Thus, abscess size greater than 6 cm was selected over other cutoffs sizes. Similarly, distant intraperitoneal air was selected over more specific measures of the amount of distant intraperitoneal air. Intraoperative finding of peritonitis showed more significance than purulent or fecal peritonitis and was thus selected for multivariate analysis. Furthermore, bowel thickness of greater than 5 mm, inflamed bowel segment length greater than 10 cm, C-reactive protein greater than 150 mg/L, and white blood cell count greater than 20 (10 Â 10 9 /L) were selected for multivariate analysis. Final parameters selected for the multivariate analysis is shown in Table 3 .
Organ dysfunction, abscess size greater than 6 cm, and generalized peritonitis were identified as the strongest independent predictors of poor prognosis on more than one outcome measure (Table 4) . Extraluminal air in the vicinity of the affected bowel segment (pericolic air) or the lack of extraluminal air completely were identified as the strongest independent predictors of better prognosis on more than one outcome (Table 4) .
Parameters for the Staging
By using the parameters found to independently predict outcome, we constructed a five-stage classification system that would be robust enough to allow its use in the clinical setting. First, the parameters that predicted better prognosis were selected to depict Stage 1, that is, acute diverticulitis without distant extraluminal air or abscesses. Next, the remaining stages were divided by the existence of generalized peritonitis because this was one of the strongest predictors of poor outcome. So, Stages 2 and 3 were defined as diverticulitis without generalized peritonitis (or palpation status in patients who do not undergo an operation), whereas generalized peritonitis was set to be the defining feature of Stages 4 and 5. As distant extraluminal air (in univariate analysis) and abscess size greater than 6 cm predicted poor outcome, they were selected for the defining features of Stage 3. Preoperative organ dysfunction was the strongest predictor of 30-day mortality and a strong predictor of need for intensive care, and it was selected for the defining feature for Stage 5. Thus, the five stages were defined as follows (Table 5) :
Stage 1 is an uncomplicated acute diverticulitis diagnosed by CT or during an operation. CT scan reveals bowel thickening with accompanying fat inflammation. There is no distant intraperitoneal or retroperitoneal air, but pericolic air is allowed.
Stage 2 is a complicated diverticulitis diagnosed by CT or during an operation. There are no signs of distant intraperitoneal or retroperitoneal air. Abscess is present but is 
less than 6 cm in diameter. Patient has no clinical signs of generalized peritonitis, and peritonitis is not found during an operation.
Stage 3 is a complicated diverticulitis diagnosed by CT or during an operation. There is a large abscess (96 cm in size) and/or signs of distant intraperitoneal or retroperitoneal air. 
Prediction of Outcomes by the New Classification
The new classification was tested for its ability to classify and predict several different outcomes using preoperative and intraoperative findings (Table 6 ). In all tested outcomes, the new classification showed statistically significant linear association of poor outcomes with rising stage (linear-by-linear association). For example, 30-day mortality was 0% in Stage 1, whereas in stage 5, 30-day mortality was 32% (p G 0.001). Similarly, the need for operative treatment increased from 1. (Table 6 ). Ninety-five percent of the patients in Stage 5 were operated using Hartmann's procedure, whereas 32% of the patients in Stage 4 were operated by primary resection and anastomosis.
Prediction of Outcomes by Using Preoperative Parameters Only
As shown, the new staging works well when both preoperative and intraoperative parameters are used. However, the ability of the classification to predict these outcomes preoperatively is of paramount interest because this is the main disadvantage of the widely adopted Hinchey classification and its modifications. Thus, the new staging was tested by using only preoperative parameters as follows: CT or x-ray findings, clinically assessed generalized peritonitis, and organ dysfunctions. Again, in all tested outcomes, the classification showed statistically significant linear worsening with rising stage (Table 7) . Thirty-day mortality increased from 0% in Stage 1 to 37% in Stage 5 (p G 0.001). Similarly, the need for operative treatment increased from 1.4% to 100% (p G 0.001), the median length of hospital stay increased from 2 days to 36.5 days (p G 0.001), and ICU admission increased from 0% to 58% (p G 0.001).
Comparison With Other Classifications
To compare the new staging with Hinchey (Wasvary modified), Hanson-Stock, and Ambrosetti classifications, an ROC analysis was performed. The ROC analysis showed higher area under the curve (AUC) values for the new staging compared with earlier classification systems in all studied outcomes, with most AUCs of the new staging reaching greater than 0.9 (Table 8) .
DISCUSSION
We propose a novel staging for acute diverticulitis using clinical, radiologic, and physiologic parameters. The classification is simple and easy to use in clinical practice. The stages Note that intraoperative findings were not used as covariates for the need of operative treatment. Multivariate logistic regression with forward stepwise selection of variables was used. Variables inserted into multivariate analysis are marked with asterisks in Table 3 . Strongest predictors for worse outcome were organ dysfunction, abscess size greater than 6 cm, and generalized peritonitis. The strongest predictor for better outcome was the finding of no extraluminal air or pericolic air only.
AUROC, area under the receiver operating characteristic curve; CI, confidence interval; CRP, C-reactive protein (mg/L); WBC, white blood cell count (10 Â 10 9 /L). in the classification associate well with several different outcomes such as 30-day mortality, need of operative treatment, length of hospital stay, and need of intensive care. The classification can be used preoperatively as well as later to restage a patient once the intraoperative findings are available. Restaging may prove advantageous in situations where generalized peritonitis is suspected preoperatively (Stages 4 to 5), but intraoperatively, no generalized peritonitis is found, thus restaging patient to Stages 1 to 3. The staging may also be used to tailor treatment. At present however, there are insufficient data for strong recommendations of treatment within different stages. However, the results provide some suggestions for treatment options. Stage 1 patients have zero mortality, and the need for operative treatment is very low (1%). In reality, the mortality rate and the need for operative treatment is even lower as patients who were successfully treated conservatively without a CT scan (i.e., mild clinical diverticulitis) were excluded from the cohort. Thus, majority of these patients can be treated using antibiotics alone and might not even need antibiotics at all. 1 Stage 2 patients have complicated diverticulitis without signs of generalized peritonitis or distant air. This stage contains small abscesses, and size threshold was determined by the multivariate analysis showing worse outcomes in sizes greater than 6 cm. These patients are traditionally treated with antibiotics. Scientific basis for percutaneous drainage in small abscesses is weak. 15, 16 Stage 3 patients also have complicated diverticulitis without signs of generalized peritonitis, but unlike stage 2, they have a large abscess (Q6 cm) or distant intraperitoneal or retroperitoneal air. As we and others have demonstrated earlier, selected patients with distant intraperitoneal or retroperitoneal air can be managed conservatively by intravenous antibiotics only. 12, 17, 18 Commonly and recommended by guidelines, large (94Y5 cm) abscesses are treated by percutaneously inserted drains combined with antibiotic treatment. 16, 19 However, this is not backed up by scientific evidence, as there are no prospective studies on the matter. Only one retrospective study comparing percutaneous drainage with antibiotics only in treating diverticular abscess exists and did not find percutaneous drainage superior to antibiotic treatment alone. 20 Stage 4 patients have generalized peritonitis but no organ dysfunction. Seventy-two percent had purulent peritonitis, while 26% had fecal peritonitis. Despite having generalized peritonitis, their mortality is remarkably low (3.8%), which highlights the significance of organ dysfunctions on survival. Laparoscopic lavage has been advocated for the treatment of Hinchey 3 class purulent peritonitis. 21 The main selling point of laparoscopic lavage is that it could reduce the mortality that is otherwise relatively high (10Y20%). 21 At least three randomized controlled studies are on their way to provide better understanding of the advantages and disadvantages of laparoscopic lavage (LapLAND, SCANDIV, and DILALA). The high mortality rates reported earlier for Hinchey 3 patients do not take into account organ dysfunctions, and thus, the mortality of stable Hinchey 3 patients is overestimated. Rather than the result of these randomized trials, the most interesting part will be finding out which patients are selected into the trials. Myers et al. 21 reported the largest series of laparoscopic lavage to date, where they recruited 100 patients with generalized peritonitis on clinical assessment and radiologically confirmed free air. However, organ dysfunctions of the patients are not described, and one can only assume that these were patients without an organ dysfunction. Eight patients had fecal peritonitis, but the remaining 92 patients underwent laparoscopic lavage with 3% mortality. Although this was greeted as compelling results, the mortality is actually very similar to our Stage 4 patients treated by Hartmann's procedure or primary resection and anastomosis (3.8%). Another recent study reported mortality rate of 10% following laparoscopic lavage for Hinchey 3 patients. 22 Again, there was no mention of organ dysfunctions of these patients. In our material, the prevalence of organ dysfunction in patients with purulent peritonitis was 27% (14 of 52 patients) with mortality of 29% (4 of 14 patients), which is not different from the overall mortality of Stage 5 patients in the new staging. This suggests that these patients might not be good candidates for experimentally less invasive treatments.
Stage 5 patients have generalized peritonitis and have an organ dysfunction. It is of note that majority of patients in this class had purulent peritonitis (64%) and minority had fecal one (36%). Mortality of Stage 5 patients is very high anyway (32%), and half of them will need intensive care, again highlighting the significance of organ dysfunction on survival. These patients have traditionally been treated by Hartmann's procedure, as were 95% of the patients in our material. Originally developed in trauma surgery, damage-control strategy has now emerged also in the field of emergency surgery. 23 Stage 5 patients could be possible candidates for damage-control surgery, where perforated bowel segment is resected but not primarily reconstructed, keeping the operative time, blood loss, and tissue trauma as minimal as possible. In addition, abdominal wall can be only temporarily closed or even preferably left primarily open following secondary closure by temporal abdominal closure techniques. 24 Damage-control approach has in fact been specifically suggested for unstable patients with acute diverticulitis. 19 Unfortunately, scientific basis for damagecontrol approach in peritonitis is currently scarce, publications being small retrospective series. 23 In any case, traditional approach with Hartmann's procedure yields unacceptable high mortality, and novel treatment modalities should be sought vigorously.
The main advantage of the new staging is its ability to classify all patients preoperatively and intraoperatively. Hinchey classification was introduced by E.J. Hinchey in 1978 3 and was based on intraoperative findings only. Several modifications have been introduced to accommodate the use of CT preoperatively, Wasvary modification being the most often cited and used. 4 However, 42% of Hinchey 3 stages are classified as Hinchey Stages 1 or 2 in preoperative imaging. 6 Furthermore, the Hinchey Stages 3 and 4 cannot be distinguished by preoperative CT scan. 5, 6 Another drawback of Hinchey classification is that a significant proportion of patients cannot be classified. Patients with distant retroperitoneal air but without concomitant abscess do not belong to any stage. Do patients with pericolic air that are treated nonoperatively belong to Hinchey Stage 1a or 3? This is not clearly defined. 4, 25 The study has some limitations. First, it is based on retrospective database. On the other hand, the study cohort is large, and the database includes all consecutive patients treated for acute diverticulitis during the study period. Second, the data are collected from a single center, which limits the generalizability of the staging. Third, the same data set is used to derive and analyze the staging system. A further (preferably external and prospective) validation will improve the reliability of the staging. We have begun internal validation of the staging. Furthermore, the staging does not take into account patient comorbidities, medications, or age, which all will account on clinical decision making. As such, the staging concentrates on diverticulitis-specific parameters and cannot give definitive treatment strategies as these always have to be tailored according to patient's fitness.
In conclusion, we propose a staging system for acute diverticulitis that takes into account clinical, radiologic, and physiologic parameters. The staging is able to classify all patients and allow prediction of their outcome. Preoperative organ dysfunction was identified as a major factor affecting survival, and thus future research should focus on Stage 5 patients to reduce the mortality of acute diverticulitis. 
